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Using the Serial Peripheral Interface to 
Communicate Between Multiple Microcomputers 



As the complexity of user applications increases, many de- 
signers find themselves needing multiple microprocessors to 
provide necessary functionality in a circuit. Communication 
between multiple processors can often be difficult, especially 
when differing processors are used. A possible solution to this 
problem is usage of the serial peripheral interface (SPI), an 
interface intended for communication between integrated cir- 
cuits on the same printed wire board. The MC68HC05C4 is 
one of the first single-chip microcomputers to incorporate SPI 
into hardware. One advantage of the SPI is that it can be 
provided in software, allowing communication between two 
microcomputers where one has SPI hardware and one does 
not. Special interfacing is necessary when using the hardware 
SPI to communicate with a microcomputer that does not in- 
clude SPI hardware. This interface can be illustrated with a 
circuit used to display either temperature or time, that incor- 
porates both a MC68HC05C4 and a MC68705R3. The 
MC68HC05C4 monitors inputs from a keypad and controls the 
SPI data exchange, while the MC68705R3 determines tem- 
perature by performing an analog-to-digital conversion on in- 
puts from a temperature sensor and controls the LED display. 
Communication between the microcomputers is handled via 
SPI, with the MC68HC05C4 handling exchanges in hardware, 
and the MC68705R3 handling them in software. 

Usage of software SPI can be expanded to include circuits 
where the single-chip implementing the SPI in software con- 
trols the data exchange, and those in which neither single- 
chip has hardware SPI capability. Minor modifications to the 
SPI code are necessary when data exchanges are controlled 
by the software. 

Debugging designs including multiple processors can often 
be confusing. Some of the confusion can be alleviated by 
careful planning of both the physical debugging environment 
and the order in which software is checked. 

SERIAL PERIPHERAL INTERFACE 

Communication between the two processors is handled via 
the serial peripheral interface (SPI). Every SPI system consists 
of one master and one or more slaves, where a master is 
defined as the microcomputer that provides the SPI clock, 
and a slave is any integrated circuit that receives the SPI clock 
from the master. It is possible to have a system where more 
than one IC can be master, but there can only be one master 
at any given time. In this design, the MC68HC05C4 is the 
master and the MC68705R3 is the slave. Four basic signals, 
master-out/slave-in (MOSI), master-in /slave-out (MISO), se- 
rial clock (SCK), and slave select (SS), are needed for an SPI. 
These four signals are provided on the MC68HC05C4 on port 
D, pins 2-5. 



SIGNALS 

The MOSI pin is configured as a data output on the master 
and a data input on the slave. This pin is used to transfer data 
serially from the master to- a slave, in this case the 
MC68HC05C4 to the MC68705R3. Data is transferred most 
significant bit first. 

Data transfer from slave to master is carried out across the 
MISO, master-in/slave-out, line. The MISO pin is configured 
as an input on the master device and an output on the slave 
device. As with data transfers across the MOSI line, data is 
transmitted most significant bit first. 

All data transfers are synchronized by the serial clock. One 
bit of data is transferred every clock pulse, and one byte can 
be exchanged in eight clock cycles. Since the serial clock is 
generated by the master, it is an input on the slave. The serial 
clock is derived from the master's internal processor clock, 
and clock rate is selected by setting bits and 1 of the serial 
peripheral control register to choose one of four divide-by 
values. Values for the MCUs crystal oscillators and the SPI 
divide-by must be chosen so that the SPI clock is no faster 
than the internal processor clock on the slave. 

The last of the four SPI signals is the slave select (SS). 
Slave select is an active low signal, and the SS pin is a fixed 
input which is used to enable a slave to receive data. A master 
will become a slave when it detects a low level on its SS line. 
In this design, the MC68HC05C4 is always the master, so its 
SS line is tied to Vqd through a pull-up resistor. 

REGISTERS 

Three registers unique to the serial peripheral interface pro- 
vide control, status, and data storage. 

The Serial Peripheral Control Register (SPCR), shown be- 
low, provides control for the SPI. 
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SPIE— Serial Peripheral Interrupt Enable 

= SPIF interrupts disabled 

1 =SPI interrupt if SPIF=1 

SPE— Serial Peripheral System Enable 

= SPI system off 

1 = SPI system on 

MSTR — Master Mode Select 

= Slave mode 

1 = Master mode 
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Figure 1. Data Clock Timing Diagram 



CPOL-Clock Polarity 

When the clock polarity bit is cleared and data is not being 
transferred, a steady state low value is produced at the 
SCK pin of the master device. Conversely, if this bit is 
set, the SCK pin will idle high. This bit is also used in 
conjunction with the clock phase control bit to produce 
the desired clock-data relationship between master and 
slave. See Figure 1. 

CPHA- Clock Phase 

The clock phase bit, in conjunction with the CPOL bit, 
controls the clock-data relationship between master and 
slave. The CPOL bit can be thought of as simply inserting 
an inverter in series with the SCK line. The CPHA bit 
selects one of two fundamentally different clocking pro- 
tocols^When CPHA = 0, the shift clock is the OR of SCK 
with SS. As soon as SS goes low the transaction begins 
and the first edge on SCK involves the first data sample. 
When CPHA = 1 , the SS pin may be thought of as a simple 
output enable control. Refer to Figure 1. 

SPR1 and SPRO-SPI Clock Rate Selects 

These two serial peripheral rate bits select one of four 
baud rates (Table 1) to be used as SCK if the device is a 
master; however, they have no effect in the slave mode. 

Table 1. Serial Peripheral 
Rate Selection 
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Data for the SPI is transmitted and received via the Serial 
Peripheral Data Register (SPDR). A data transfer is initiated 
by the master writing to its SPDR. If the master is sending 
data to a slave, it first loads the data into the SPDR and then 
transfers it to the slave. When reading data, the data bits are 
gathered in the SPDR and then the complete byte can be 
accessed by reading the SPDR. 



DEMONSTRATION BOARD DESCRIPTION 

A keypad input from the user is used to choose the output 
display function. The MC68HC05C4 monitors the keypad, de- 
codes any valid inputs, and sends the data to the MC68705R3. 
If the user has requested a temperature display, the 
MC68705R3 sends a binary value of temperature in degrees 
farenheit to the MC68HC05C4, where the value is converted 
to a celcius binary coded decimal value and returned to the 
MC68705R3 to be displayed. The LEDs are common anode 
displays and are driven directly off of port B on the MC68705R3. 
If the user desires the circuit to function as a real-time clock, 
a starting time must be entered and transmitted from the 
MC68HC05C4 to the MC68705R3. Once the clock has been 
initialized, the MC68705R3 updates the clock every minute. 
Clock values are stored in memory, and when the circuit is 
functioning as a thermometer, the values in memory are up- 
dated as required to maintain clock accuracy. 

USING THE A/D CONVERTOR TO 
MONITOR TEMPERATURE 

Temperature monitoring is performed by the Motorola 
MTS102 silicon temperature sensor and the LM358 Dual Low- 
Power Operational Amplifier, as shown in the schematic in 
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the temperature sensor can be performed by adjusting the 
variable resistor to produce a display of $00 after a piece of 
ice has been placed on the temperature sensor for approxi- 
mately one minute. A 00 display results from a value of $50 
in the ARR, so the variable resistor should be adjusted until 
this value is reached. 

COMMUNICATION CONSIDERATIONS 

In this application, an SPI read or write is initiated via an 
interrupt from the MCU desiring to write data. When any of 



MC68HC05C4 master. When the MC68705R3 is ready to send 
data, it interrupts the MC68HC05C4 via the MC68HC05C4's 
IRQ line. The MC68HC05C4 then writes to its serial peripheral 
data register to initiate the transfer and shifts in data bits sent 
from the MC68705R3 until the SPIF bit goes high. While the 
MC68HC05C4 is writing to its SPDR, the MC68705R3 program 
is setting a bit counter to 8. When it detects a clock pulse on 
the SCK pin, the data register is rotated left one bit, placing 
the MSB in the carry. The MOSI pin is then set equal to the 
carry bit, the bit counter is decremented and, if it is greater 
than zero, the process is repeated. 
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Figure 3. A/D Block Diagram 



ADDITIONAL USES OF SPI 

Many variations of this usage of the SPI are possible. The 
three possibilities are hardware SPI at both master and slave, 
software SPI at the master and hardware at the slave, and 
software SPI at both master and slave. Table 1 shows the 
various MCUs that have SPI implemented in hardware. 

SPI is fairly straightforward in a circuit where both master 
and slave have hardware SPI capability. In this case, the MCUs 
are connected as shown in Figure 4. Figure 4a illustrates a 
single master system, and Figure 4b shows a system where 
either MCU can be system master. When both master and 
slave have SPI capability in hardware, data transfers can be 
handled full duplex. For a single master system, both master 
and slave write the data to be transferred to their respective 
serial peripheral data registers. A data transfer is initiated when 
the master writes to its serial peripheral data register. A slave 
device can shift data at a maximum rate equal to the CPU 
clock, so clock values must be chosen that allow the slave to 
transfer data at a rate equal to the master's transfer rate. In 
a multiple master system, the master must pull the slave's SS 
line low prior to writing to its serial peripheral data register 
and initiating the transfer. 

PROGRAMMING A MASTER FOR SOFTWARE SPI 

When the master in an SPI system does not have hardware 
SPI capabilities, the resulting system is quite different. An SPI 
system with a master providing the SPI in software is shown 
in Figure 5. This system only requires two lines between the 
microcomputers; data and clock. A slave select line can be 
added for use with multiple slaves. If operated with one data 
line, the SPI will function half-duplex only. Data is stored in 
a register, rotated left one bit at a time, and a port pin is set 
equal to the data bit. The master then provides the serial clock 
by toggling a different port pin. A bit counter must also be 
used to count the eight bits in the byte. Bit manipulation 
instructions are very useful for implementing SPI in software. 



One possible software implementation for a write from the 
master to the slave is shown below. 
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Set data out line to 1 
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Full duplex operation requires a second data line. One port 
pin is then devoted to data-out and one to date-in. Data transfer 
from slave to master is accomplished immediately before the 
SCK pin is toggled. The state of the data-in pin is tested, and 
the carry is then set equal to the data-in pin. This value is then 
rotated in to a result register. The modified code is shown 
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Put data in register A 
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Shift a data bit into carry 
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Rotate input data one bit 

Check for end of byte 
If not, repeat 

Set data out line to 1 
Go to data input 
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Figure 4a. Single Master SPI 
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Figure 4b. Multiple Master SPI 



SPI 

MASTER MCU 






CLOCK 

*■ 


SPI SLAVE 
MCU 


r 


DATA 













Figure 5. Software SPI 
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waiting for a clock transition, once it perceives a clock it checks 
its data-in pin, sets the carry equal to the data and rotates the 
carry into a results register. One possible code implementation 
is shown in the previous timing example. 

Converting this to full duplex operation requires the addition 
of a write from slave to master. The slave rolls a data register 
to place the data bit to be sent into the carry, and the data- 
out pin is set equal to the carry. These actions occur prior to 
the read of data from the master. With these modifications, 
the code looks as shown below. 
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SCK PORTC pin 4 
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RESULT 


Store in result 


DEC 
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Check for end of byte 
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DEBUGGING TIPS 

Debugging a circuit containing two microcomputers pre- 
sents various problems not evident when working with a single 
microcomputer circuit. The first problem is simultaneously pro- 
viding emulation for both microcomputers. Once emulation 
capability is arranged, the designer needs to keep track of the 
progress of each single-chip, and monitor how the actions of 
one affects the actions of the other. 



what easier to keep track of the concurrent operations if one 
side of the prototype board is devoted to each single-chip and 
the majority of peripherals they each must interface with, and 
the emulator for that microcomputer is placed to that side of 
the printed circuit board. 

Before starting simultaneous debugging, it is best to indi- 
vidually debug the code for each microcomputer wherever 
possible. Once it becomes necessary for the microcomputers 
to communicate with one another, halt one of the microcom- 
puters anytime they are not actually talking and work with the 
remaining microcomputer. As the debugging progresses, keep 
in mind that an error in the function of one single-chip does 
not necessarily indicate an error in the corresponding code for 
that single-chip, but rather, the error may have been caused 
by an incorrect or unintended transmission from the other 
single-chip. 

Although the aforementioned suggestions reduce debug- 
ging problems, some will remain. Long periods of debug can 
result in an obscuring of the separation of the functions of the 
two programs. It helps to take periodic breaks to get away 
from the system and clear the thought processes. Expect to 
occasionally be confused, be willing to retrace sections of code 
multiple numbers of times, and the debugging will proceed 
fairly smoothly. 

CONCLUSION 

The Serial Peripheral Interface can be used as a tool to 
innerconnect to MCU with various other MCUs or peripherals, 
and can be used with any microcomputer. A special case 
occurs when one, or more, of the MCUs in a circuit do not 
have SPI capability in hardware. In this case, a simple software 
routine can be written to perform the SPI. Used in this manner, 
the SPI eliminates the need for costly, inconvenient parallel 
expansion buses and Universal Asynchronous Receiver/Trans- 
mitters (UARTs) and simplifies the design effort. 
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beq key 


yes j waix Tur next inpux 


n 1 ri7 


n 1 =i7 


A1 

rn X 


nn 






c mp tf *u a 


cnecK Tur am 


mm 


UIjD 


77 


on 






beq key 


yes » wait for next input 


U 1 U A- 


ni c"7 
U13 / 


ZU 


ut 






bra n u d i g 


get next time digit 


ni riQ 
















n 1 n a 










If ■» 5 p 1 


uir 1 te subrout 


1 n e tt tt 


n 1 n7 

U X U r 
















n 1 nR 

U1UO 


n 1 R9 








s p i ui r 


e q u * 




n 1 n9 

U1U7 


n 1 =,9 


R7 


nr 

U L. 






r- -L — . — -J 

5 l a spar 


pux aaxa in aaxa reg. 


n 1 1 n 


n 1 sr 

LI X i ' LJ 


li r 


nR 

Li LJ 


fi~i 




brclr 7 1 spsr 


iTT waix Tor ena ut oyxe 


0111 


15E 


1 □ 

X LJ 


LJ 






bset > parte 




0112 


n l An 


U X 






en i 4 1 n 

3 p I I I y 


p t s 


done 


□ 113 
















3114 










-H- * cn ; 
~ « rp 1 


read subroutine ** 


□ 115 
















n 1 1 A 

*J X X o 


U X O X 








s p i r d 


equ * 




n 1 1 7 

U X X / 


n 1 a 1 


DC 

Dr 


nr 






s t x spd r 


initiate transfer 


□ 118 


0163 


OF 


0B 


FD 




brclr 7>spsrjX wait for end □+ byte 


0119 


0166 


81 






rdend 


r ts 




□ 12D 


















0121 








XX keypad scanning 


routine XX 


0122 












0123 


0167 






k e y pad enu X 




0124 












0125 








XX 32 msec de 1 av XX 




0126 












0127 


□ 167 


A6 


2D 


wt 1 P 1 da #$20 


set up outer loop 


0128 


□ 167 


B7 


B3 


sta ctl 


counter 


0129 


□ 16B 


A6 


32 


at 1 p Ida #$32 


set up inner loop 


0130 


□ 16D 


4A 




inlp deca dec 


inner loop 


0131 


□ 16E 


26 


FD 


b n e i n 1 o 


when □ j 


0132 


□ 170 


3A 


B3 


dec ctl 


decrement outer loop 


0133 


□ 172 


26 


F7 


b n e □ t 1 p 




0134 


□ 174 


5F 




c 1 r x 


set up row counter 


0135 


□ 175 


A6 


80 


Ida #$80 


check first row 


0136 


□ 177 


B7 


00 


sta porta 


0137 


□ 179 




00 


nxtr Ida porta 


check tor key 


0138 


□ 17B 


A4 


OF 


and #$0f 


mask upper nibble 


0137 


□ 17D 


Al 


00 


cmp #$00 


took "for zero 


0140 


□ 17F 


26 


09 


bne debnc 


branch if have a key 


D141 


□ 181 


37 


00 


a s r Dnr+a 


t r v nPvt r nui 

\- 1 W 1IC W L 1 LJ W 


0142 


□ 183 


5C 




i n c x 


rlpr fPmPn+ rniii rnnntPr 

1 — 1 CT L_ 1 C: III C II L ( u W L U U 1 1 LCI 


0143 


□ 184 


A3 


03 


cox #$03 


rkprk fnr 7 P r n 

l— 1 l CT L_ IS. 1 LJ 1 i c I u 


0144 


□ 186 


23 


Fl 


bis nxtr 


test next row 


0145 


□ 188 


20 


DD 


i nva 1 br a wt 1 p 


no key pressed 


□ 146 












0147 








XX debounce key i nput XX 


□ 148 












□ 149 


□ 18A 


B7 


Bl 


debnc sta tmpa 


save value 


□ 150 


□ 18C 


BF 


BO 


stx rwno 


save row number 


□ 151 


□ 1BE 


A6 


FF 


Ida #$ff 


set up de 1 ay 


□ 152 


0170 


4A 




loop deca 




□ 153 


0171 


26 


FD 


bne loop 


wait 


0154 


0173 


B6 


00 


Ida porta 


check row again 


0155 


0195 


A4 


OF 


and #$0f 


mask upper nibble 


0156 


0197 


Bl 


Bl 


cmp tmpa 


check tor same key 


0157 


0179 


26 


CC 


bne wt 1 p 


return if i nva 1 i d 


□ 158 










□ 157 








XX wait for key release XX 


□ 160 












0161 


019B 


B6 


00 


wtr Ida porta 


check value 


0162 


019D 


A4 


OF 


and #$0f 


mask upper nibble 


0163 


019F 


Al 


□ □ 


cmp #$D0 


look for zero 


0164 


01A1 


26 


F8 


bne wtr 


wait for release 


0165 












0166 








XX decode key value 


XX 


0167 












0168 


01A3 


B6 


Bl 


Ida tmpa 


restore value 


□ 167 


□ 1A5 


5F 




c 1 r x 


set up column ctr. 


□ 170 


01A6 


44 




nxtc 1 sr a 


shift columns 


□ 171 


01A7 


25 


□ 3 


be 5 col 


branch if have column 


0172 


01A7 


5C 




i ncx 




□ 173 


01AA 


20 


FA 


bra nxtc 


try next column 


□ 174 


01AC 


58 




col 1 5 1 X 




0175 


01AD 


58 




1 s 1 X 


x = 4Xcol . no. 


0176 


01AE 


7F 




txa 


place x in a 


0177 


01AF 


BB 


BO 


add rwno 


key value =4Xco 1 + row 


0178 


01B1 


77 




tax 


P 1 ace a in x 


□ 177 


01B2 


E6 


20 


Ida k y pd > x 


convert to decimal 


□ 180 


01B4 


B7 


Bl 


sta tmpa 




□ 181 


D1B6 


81 




r ts 




□ 182 





















n 1 s 


converted to 


celcius and the leftmost 


□ IBB 








* 1 ed 


is blanked. 




□ IB? 
















□ 190 


01B7 






r3i nt 


equ 


* 




□ 171 


01B7 


CD 


01 61 




jsr 


sp i r d 


r ead va 1 ue 


□ 172 


01BA 


B6 


DC 




1 da 


sp d r 


transfer value to register 


□ 173 


01BC 


AO 


20 




sub 


#$20 


subtract 32 


□ 174 


01BE 


24 


05 




bhs 


con v 


i f pos . convert 


□ 175 


01C0 


40 






nega 


negate 


□ 176 


01C1 


AE 


OA 




1 dx 


tt$0a 




□ 177 


01C3 


BF 


B6 




S t X 


base+2 


'- ; pattern 


□ 17B 
















□ 17? 








HH# temperature conversion K** 


0200 








** a 


16-b i t 


mu 1 t i p 


ly by 5 is performed on the 


□ 2D1 








# * v a 


lue received 


from the r3. this number 


0202 








** i 5 


then divided 


by 7. 


□ 203 
















□ 204 


01C5 


3F 


B7 


conv 


c 1 r 


msb 


c 1 ear counters 


□ 205 


01C7 


3F 


BB 




c 1 r 


1 sb 




0206 


01C7 


B7 


BB 




sta 


1 sb 




□ 2D7 


01CB 


48 






1 s 1 a 




multiply by 2 


02D8 


01CC 


37 


B? 




r □ i 


msb 


load overflow into msb 


02D7 


DICE 


48 






1 s 1 a 




multiply by 2 


021D 


01CF 


3? 


B7 




r o i 


msb 


load overflow into msb 


0211 


01D1 


BB 


B8 




add 


i sb 


a contains value x5 


0212 


□ 1D3 


24 


02 




bec 


d i v 




0213 


01D5 


3C 


B7 




i nc 


msb 


if overflow; inc msb 


0214 


01D7 


3F 


B2 


d i v 


c i r 


dc t r 




□ 215 


D1D7 


B7 


BB 




sta 


1 sb 




□ 216 


01DB 


78 






c 1 c 






□ 217 


01DC 


3C 


B2 


nxt? 


i nc 


dctr 




□ 218 


01DE 


B7 


BB 




sta 


1 sb 




□ 217 


DIED 


B6 


B? 




1 da 


msb 




□ 220 


01E2 


A2 


00 




sbc 


ttSOO 


subtract borrow from msb 


D221 


01E4 


B7 


B7 




sta 


msb 




0222 


01E6 


B6 


BB 




1 da 


1 sb 


count factors of 7 


0223 


01EB 


AO 


07 




sub 


t*09 




0224 


01EA 


24 


FO 




bec 


nxt7 


if no borrow; repeat 


0225 


01EC 


3D 


B? 




t St 


msb 


if borrow; check for end 


0226 


01EE 


26 


EC 




bne 


nxt? 


repeat if not end 


0227 
















022B 
















0227 








*** 


end of 


divide 


> add last 7 back in and 


0230 








*K* 


check remainder for rounding 


□ 231 
















□ 232 


□ 1FD 


AB 


0? 




add 


tt$0? 


find remainder 


□ 233 


□ 1F2 


Al 


04 




c mp 


tt$04 


if greater 


0234 


01F4 


22 


□ 2 




bh i 


done 


than 4; round up 


□ 235 


01F6 


3A 


B2 ' 




dec 


dctr 




0236 


01FB 


B6 


B2 


done 


1 da 


dctr 




0237 
















0238 


01FA 


AE 


OB 


pds 


! dx 


tt$0b 


blank pattern 


0237 


□ 1FC 


BF 


B7 




stx 


base+3 


blank most sig. digit 


0240 
















0241 








K" X ■H if 


convert 


binary value to bed value **K* 


0242 








* 








0243 








* the 


x r e g i 


s t e r s 


aegins with the binary value 


0244 








* and 


exits 


with zero. each digit; units; tens 
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n o / c 

0Z45 








* and h 


undr eds > is 


stored separately and chec 


□ 246 








* for a 


value equa 


to 10. 


D247 














0248 


01FE 


97 






tax 


place a into x 


0247 


01FF 


4F 






c 1 ra 




0250 


□ 200 


3F 


B5 




c 1 r base+1 


clear values 


□ 251 


0202 


3F 


B6 




c 1 r base+2 




0252 


0204 


5D 




St 


tstx 


check far end 


0253 


02D5 


27 


17 




beq send 


if complete) send to r3 


0254 


0207 


5A 






decx 


I I I 

decrement hex number 


0255 


n o n o 

0208 


/ f 

4C 






i nca 


increment decimal number 


0256 


0209 


Al 


DA 




cmp #$Da 


equal to 10? 


0257 


020B 


26 


F7 




bne st 


no j keep go i ng 


0258 


0200 


3C 


B5 




i nc base + 1 


increment tens 




n *9 n r 
□ ZUF 


n / 

B6 


B5 




1 da base + 1 


test tor ID 


DZ6U 


□ Zl 1 


Al 


n a 
□ A 




cmp «5L)a 




no/ 4 

0261 


0213 


27 


n ~ 7 

D3 




beq hund 


if equal > set hundreds 


0262 


0215 


4F 




zero 


c 1 r a 


clear ones 


0263 


□ 216 


20 


EC 




bra st 


count next 10 


no/ / 

0264 


n o 4 n 

□ 218 


3F 


B5 


hund 


1 1 i <i 

c 1 r base + 1 


clear tens 


0Z65 


n O 4 A 

□ Zl A 


3C 


B6 




i nc base + 2 


increment hundreds 


no/ / 

0266 


□ 21C 


o n 

20 


i — — t 

F7 




bra zero 




no/ ~ 5 














0268 








* send 


all digits to 7D5r3 via sp i 


026? 








* start 


by interrupting r3 and then 


0270 








* sequentially sending four values 


0271 














0272 


□ 21E 


B7 


B4 


send 


sta base 


store ones 


0273 


□ 220 


B6 


B6 




Ida base+2 




□ 274 


0222 


27 


0B 




beq b 1 k 




□ 275 


0224 


E6 


B4 


nxtdg 


1 da base > x 


start at base 


□ 276 


0226 


CD 


01 59 




j s r s p i w r 


send to r3 


□ 277 


0229 


5C 






i ncx 




□278 


022A 


A3 


D3 




cpx «*03 


look for end 


□ 279 


022C 


26 


F6 




bne nxtdg 


if no j next digit 


□ 280 


□ 22E 


B0 






r t i 




0281 


022F 


A6 


0B 


b 1 k 


Ida *t$0b 




0282 


0231 


B7 


□ / 
DO 




sta base+Z 




0283 


0233 


o n 

20 


EF 




bra nxtdg 




0284 














0285 














0286 








*** initialize interrupt vectors *** 


0287 














□ 288 


1FF4 








org 41ff4 




0289 














0290 


1FF4 


01 


00 


spiwec 


fdb start 




□ 291 


1FF6 


01 


00 


5c i vec 


fdb start 




0292 


1FF8 


01 


00 


tmrvec 


fdb start 




0293 


1FFA 


□ 1 


B7 


i r qvec 


fdb r3int 




0294 


1FFC 


□ 1 


00 


siii i uec 


fdb start 




0295 


1FFE 


01 


□ □ 


reset 


fdb start 
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nnn 1 

U U U X 










i. 




nnn7 


nnn? 

u u u z_ 




pDr t c 


e q u 


7 






nnrm 

UUUJ 




d d r b 








nnn*? 

UUU7 


nnnA 

UUUo 




□ urc 


8QU 


JL 
O 




nm n 

UU1U 


nnnfl 




t a r 


8QU 


a 





nn 1 1 

UUi 1 


nnno 

UUU7 




tcr 


equ 


Q 

/ 






nnnc 




acr 


B q u 


1 * 




nn 1 t 

UUI J 


nnnF 
uuur 




arr 


equ 


ID 




nn 1 a 














UUi j 












■ 


nni i. 
UUlo 


nn/. n 
UU4U 






org 


$40 




n n 1 "7 














nni q 
UU la 














UU J. T 


nn/, n 
UU4-U 




wrdat 


r mt> 


1 

1 




nn7n 


nnA 1 




t 1 nt mp 


r mD 


1 
1 




nn7i 

U U Z. 1 


U U4-Z 




c t. 


ml-. 

r mE> 


1 




uuzz 






c t i 


rub 


1 




n n97 


UU44 




result 


r mb 


1 




UU Z4 


n n / c 
UU4o 




resl 


r mb 


1 
1 




n n 

□ □25 


□ □46 




b i tct 


r mb 


1 




□ □26 


□ □47 




sec 


r mb 


1 




□ □27 


□ □4S 




segmnt 


r mb 


1 




□ □26 


□ □49 




pm 


r mb 


1 




n n 

OUZt 


004A 




base 


r mb 


4 




n mn 
UU jU 














UU Ji 


n n □ n 

UUHU 






□ r g 






UU 














U U oo 






display look-up 


tab I e **** 


nm/. 
UU OH 














U U jb 


nnon 

uutsu 




segtab 


equ 


* 




n m /_ 


UUoU 


U 1 




tcb 


7.D00000D1 


n 
U 


UUO ( 


nnfli 






f cb 


%01001111 


i 
1 


n mo 
UU jo 


n n a? 
UUaZ 


1 £ 




fcb 


ROQQ10010 


<-> 


n mo 


UUao 


n l 
Ufa 




f cb 


y.oooooiio 


—j 




nn/. n 
UU 4U 


n n q i. 
UUCJ4 


4L 




f cb 


y.DlDOUDD 


4 




uuao 






f cb 









Uut)6 


ZU 




fcb 


7.00100000 


fa 


nn/. t 
UU4J 


nnm 
UUO 1 


ncr 
Ur 




f cb 


JlDOOOlltl 


—J 

1 


nn/, /. 
U U44 


n n aa 
UUoo 


n n 
UU 




fcb 


7.000000D0 


O 


□ 045 


□ 08? 


□ C 




fcb 


7.0000 1 1 00 


9 


□ □46 


□ DBA 


7E 




tcb 


7.0111111a 




□ □47 


□ □8B 


7F 




fcb 


RDlllllli 


blank 


nn / a 
□ U4Q 


n n a 

□ □8C 


7F 




fcb 


7.01111111 


pm 


nn/. q 

UU**-T 


uuou 


1 p 
1 




fcb 


nooonaoa 


P 


n ncin 
uuou 














nn^i 

u U O 1 


nnQfi 

UU TU 






org 


$90 program start 


UUgZ 














n nm 

UUOO 






*** initial 


i ze var iables *** 


nnc/. 
UUb4 














n n tz c 

□ □55 


□ □90 




start 


equ 


* 




UUb6 


nnon 
UUVU 


a/ n "7 
Ho U r 




I da 


#$07 




UUb / 




( — j nc ~i a 
L / Ur Jo 




sta 


$f 38 


set MOR 


UUbo 


UUVO 


ho r r 




I da 


tt$f f 




nn^9 


U U I t 


O r UO 




sta 


ddr b 


set up port b as output 


□□60. 


□ □99 


B7 oe 




sta 


tdr 


set timer for prescale of 


□ □61 


□ □9B 


B7 4A 




sta 


base 




□ □62 


□ □9D 


B7 4B 




sta 


base+1 


blank t i me display 
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□ 063 


009F 


B7 


4C 




sta base+2 




0064 


00A1 


B7 


4D 




sta base+3 




□ 065 


00A3 


A6 


EF 




Ida #$et 




0066 


00A5 


B7 


02 




sta portc 


set parte to choose msd 


0067 


□ □A7 


B7 


48 




Sta segmnt 




□ 068 


□ 0A9 


A6 


CF 




Ida Met 




□ □69 


□ DAB 


B7 


06 




sta ddrc 


set up c0-3>c6»c7 as outputs 


□ □70 


OOAD 


A6 


OF 




Ida #$Df 




0071 


OOAF 


B7 


09 




sta tcr 


unmask timer interrupt 


0072 


00B1 


3F 


41 




c 1 r t i mtmp 


Start with time d i sp . 


0073 


00B3 


3F 


47 




c 1 r sec 


set seconds to zero 


0074 


00B5 


3F 


49 




c 1 r pm 


start with am 


0075 


00B7 


A6 


3B 




Ida #$3b 




0076 


00B9 


B7 


42 




sta ct 


set up timing loops 


0077 


OOBB 


A6 


08 




Ida #$08 




0078 


OOBD 


B7 


43 




sta ctl 


* 


007? 


□ □BF 


9A 






cl i 




□ 080 






• 


r 






0081 








* 


delay for 




0082 














0083 


□ □CD 


AE 


FF 


6 1 ay 


Idx #Sff 




0084 


□ □C2 


A6 


FF 




Ida #$ff 




0085 


□ □C4 


4A 






deca 




0086 


□ □C5 


26 


FD 




bne dlay+4 




0087 


□ □C7 


5A 






decx 




0088 


□ DCS 


26 


F8 




bne dlay+2 




008? 














□ □?□ 








* 


temperature 


measurement * 


0091 














0D92 


□ OCA 


3F 


OE 




c 1 r acr 


clear conv. complete flag 


0093 


□ OCC 


B6 


OE 




Ida acr 


0094 


OOCE 


2A 


FC 




bpl *-2 




0095 


□ ODD 


B6 


OF 




Ida ar r 


get r esu 1 t 


0096 


00D2 


A2 


3D 




sbc #$30 


adjust so D deg =$30 


□ 097 


□ □D4 


B7 


45 




sta r esl 


store in sp i data register 


0098 


□ □06 


B6 


41 




1 da t i mtmp 




0099 


□ □D8 


Al 


□ 7 




cm P #$07 


check for temp, update 


0100 


OODA 


26 


E4 




bne d 1 ay 




0101 














0102 








*** 


send temperature value to hcD5c4 for 


0103 








* 


conversion into celcius. start by 


0104 










i nter rupt i ng 


the hc05c4 and then transmit 


0105 








X 


data via the 


s P i . 


0106 














0107 


□ □DC 


9B 






se i 




0108 


DDDD 


IF 


□ 2 




bclr 7 > por tc 


interrupt hcD5c4 


0109 


DDDF 


CD 


□ 1 18 




jsr spiwr 


write data to hcD5c4 


0110 


0DE2 


AE 


□ 4 




Idx #$04 




0111 














□ 112 








* 


wait tor return data ~ 140 cycles * 


□ 113 














011-4 


□ 0E4 


A6 


□ B 




Ida #$0b 




□ 115 


□ □E6 


B7 


51 




sta base+7 




□ 116 


OOEB 


A6 


□ E 




Ida #$0e 




□ 117 


OOEA 


4A 




t i m 1 p 


deca 




□ 118 


ODEB 


26 


FD 




bne t i m 1 p 




□ 119 














□ 120 








* 


get decimal 


values in celcius from 


□ 121 








* 


hc05c4 




0122 














0123 


DDED 


CD 


□ 1 01 


nxtd9 


jsr sp i r d 




□ 124 


OOFD 


B6 


44 




Ida result 


get va 1 ue 
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□ 125 

□ 126 

□ 127 

□ 12B 

□ 127 

□ 130 

□ 131 

□ 132 

□ 133 

□ 134 

□ 135 

□ 136 

□ 137 

□ 138 

□ 137 
0140 

□ 141 

□ 142 

□ 143 

□ 144 
0145 

□ 146 

□ 147 

□ 148 

□ 147 
0150 

□ 151 

□ 152 

□ 153 

□ 154 

□ 155 

□ 156 

□ 157 

□ 158 
0157 

□ 160 
0161 
0162 
0163 
0164 
0165 
0166 
0167 
0168 
0167 
0170 
0171 
0172 
0173 
0174 
0175 
0176 
0177 
0178 
0177 
0180 
0181 
0182 
0183 
0184 
0185 
0186 



□□F2 E7 4A 
□DF4 5C 
□0F5 A3 07 
□□F7 26 F4 
00F7 7A 
00FA 2D C4 



□□FC A6 07 
□□FE B7 41 
□!□□ 80 



D101 

D101 A6 08 
0103 B7 46 
01D5 DB D2 FD 
010B OA 02 00 



01DB 37 44 
010D A6 02 
□10F 4A 
011D 26 FD 

0112 7D 

0113 3A 46 
0115 26 EE 
0117 81 



0118 

0118 A6 DB 
011A B7 46 
011C 37 45 
DUE 25 12 
0120 ID D2 
D122 IE D2 
0124 17 02 

0126 7D 

0127 7D 

D128 D8 D2 FD 



** 
temp 



***** 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

sp i r d 



n x t 

* 
* 
* 
* 
* 

Str 
stal I 



* 
* 
* 



agn 



sta base>x store 
i ncx 

cpx #$D7 check for end 

bne nxtdg 
c I i 

bra d I ay 

select temperature display ** 
Ida #$07 

sta timtmp choose temp, display 

r t i 



sp i routines ****** 
the three pins used for the sp i are 

mi so bit 6 j portc 

mo si bit 5i portc 

sck bit 4> portc 
the r3 waits far a high-to-low 
transition of the sp i clock) which 
is provided by the hcD5c4 and sent 
on portc pin 4. a bit of data is 
transferred on each high-to-low 
transition of the clock. 

sp i read * 

equ * 
Ida tt$0B 

sta bitct set bit counter 

brset 4jp'ortc>* wait for clock transition 

brset 5iportc.5tr check data status 

note: the brset command automatically 
sets the carry bit to be equal to the 
b i t under test 



r o I r esu I 
Ida #*02 
deca 

bne sta I I 
nop 
dec 
bne 
r ts 



b i tct 
nxt 



store in result 
delay loop 



check for end of byti 
get next bit 



sp i write* 
data to be sent 
start of write 



i s 



result at 



spiwr equ * 



Ida «$08 
sta bitct 
r o I r esl 
bes setl 
be I r 6 > por tc 
bset 7iportc 
bclr 4, portc 
nop 
nop 



set bit counter 
shift data 
check data status 
if j c I ear m i so 
clear i nterrupt 



timing delay. 



tst 



brset 4. portc* wait for clock trans. 
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□ 167 

□ 188 

□ 18? 

□ 190 

□ 171 

□ 172 

□ 173 

□ 174 

□ 175 

□ 176 

□ 177 

□ 178 

□ 177 
0200 
□2D1 

□ 2D2 

□ 2D3 

□ 204 

□ 205 



□ 12B 

□ 12D 

□ 12F 

□ 131 

□ 132 

□ 134 

□ 136 

□ 138 



3A 46 
26 ED 
IE 02 
81 

1C 02 
IE 02 
IB 02 
20 EE 



setl 



** 

* 

# 

# 

* 

* 

* 

* 



dec b i tct 
bne agn 
bset 7>portc 
r ts 

bset 6>portc 
bset 7jportc 
bset 4>partc 
bra tst 



check for end of byte 
clear interrupt 



i f 1 , 
c I ear 



set miso 
i nter r upt 



initialization of data read via s P i ** 

a data read is initiated via an interrupt 
from the hcD5c4. the value received is 
tested to determine which function is 
requested and the processor jumps to the 
proper rout i ne . 



0206 


013A 


CD 


01 01 


c4 i nt 


jsr 


sp i r d 


get va 1 ue 


□ 207 


013D 


A6 


03 




Ida 


#403 




02D8 


013F 


B7 


41 




sta 


t i mt mp 


choose time 


□ 207 


0141 


B6 


44 




1 da 


result 




□ 210 


0143 


Al 


□ A 




c mp 


#*0a 


check for disp temp 


□211 


0145 


27 


B5 




beq 


temp 




□ 212 


0147 


Al 


□F 




cmp 


**$0f 


check for display time 


□ 213 


0147 


27 


3C 




beq 


r tr y 




□ 214 


014B 


Al 


□ E 




cmp 


#$0e 


check for set time 


□ 215 


014D 


27 


37 




beq 


c 1 r tin 




□216 


014F 


Al 


□ D 




cmp 


#*0d 


check for am 


□ 217 


0151 


27 


□ C 




beq 


am 




□ 218 


□ 153 


Al 


□ B 




cmp 


«$0b 


check for sees 


□217 


□ 155 


27 


6A 




beq 


dsec 




□ 22D 


□ 157 


Al 


□ C 




cmp 


t**0c 


check for pm 


□ 221 


□ 157 


26 


37 




bne 


d i g 


no> set digit 


□222 


□ 15B 


A6 


FF 




1 da 


t*$f t 


set pm address 


□ 223 


□ 15D 


B7 


4? 




sta 


pm 




D224 
















□ 225 








Ktt 


check for 


valid input ** 


□ 226 
















0227 


015F 


B6 


4D 


am 


1 da 


base+3 


check tens of hours 


0228 


0161 


27 


08 




beq 


b 1 hr 


if zero> blank digit 


□227 


0163 


Al 


□ 1 




c mp 


«*01 


023D 


0165 


27 


46 




beq 


twoc 




□ 231 


0167 


Al 


0B 




cmp 


tt*0b 


look for blank 


0232 


0167 


26 


48 




bne 


b 1 ank 


i f not > b 1 ank d i sp 1 ay 


0233 


016B 


A6 


0B 


blhr 


1 da 


*t$0b 




0234 


016D 


B7 


4D 




sta 


base+3 


blank tens of hours 


0235 


016F 


B6 


4B 


mt n 


1 da 


base+1 


check tens of minutes 


0236 


0171 


Al 


05 




cmp 


#$05 


check aga i nst 5 


0237 


0173 


22 


3E 




bh i 


blank 


if greater? blank d i sp 1 


□ 238 














0237 








K 


valid input 


> set timer counter * 


0240 
















0241 


□ 175 


A6 


OF 




1 da 


#$0t 




0242 


0177 


B7 


07 




sta 


tcr 


unmask timer interrupt 


0243 


0177 


A6 


43 




1 da 


#443 




0244 


017B 


B7 


42 




sta 


ct 


load inner loop counter 


0245 


017D 


A6 


□ 6 




1 da 


#*06 




0246 


017F 


B7 


43 




sta 


ctl 


load outer loop counter 


0247 


0181 


3F 


47 




c 1 r 


sec 




0248 0183 


3F 


52 




c 1 r 


base+8 





ay 
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0247 

□ 250 

□ 251 
□252 
□253 

□ 254 

□ 255 

□ 256 
□257 

□ 258 

□ 257 

□ 260 
□261 
□262 
□263 
□264 

□ 265 

□ 266 
□267 
□268 

□ 26? 

□ 270 

□ 271 

□ 272 

□ 273 
□274 

□ 275 
□276 

□ 277 

□ 278 

□ 27? 

□ 280 

□ 281 
□282 

□ 283 

□ 284 

□ 285 
□286 
□287 
□288 

□ 289 

□ 270 
□271 

□ 272 
□273 
□274 
□275 
□276 
0277 
□278 
0277 
0300 
0301 
0302 
0303 
0304 
0305 
0306 
0307 

□ 308 

□ 3D? 
0310 



D185 3F 53 
□187 80 



0188 A6 OB 
01BA B7 4A 
□18C B7 4B 
□18E B7 4C 
□170 B7 4D 
□172 20 F3 



□ 174 
0175 

□ 177 

□ 17? 

□ 17B 

□ 17D 

□ 17F 

□ 1A1 

□ 1A3 

□ 1A5 

□ 1A7 

□ 1A7 

□ 1AB 



□ IAD 

□ 1AF 
01B1 
01B3 
01B5 
D1B7 
01B? 
01BB 
D1BD 
01BF 



?A 

B6 4C 
B7 4D 
B6 4B 
B7 4C 
B6 4A 
B7 4B 
B6 44 
B7 4A 
Al 07 
22 DE 
B7 4A 
2D DA 



B6 4C 
Al D2 
23 BC 
3F 4D 
3F 4C 
A6 DD 
B7 4B 
A6 05 
B7 4A 
20 C6 



01C1 B7 41 
D1C3 B7 55 
01C5 B7 54 
01C7 8D 



r try 



#** 
* 
* 
* 

* 
* 
* 
* 



d i 



* 

* 

tunc 
b I ank 



clr base+7 

r t i 

clear displays * 

Ida »$0b 
sta base 
sta base+1 
sta base+2 
sta base+3 
bra r try 



i nput digit * 

time setting routine *M* 
time is inputted left to right 
and the end of input is indicated 
be pressing either the am or pm 
button. pm is denoted on the 
display by lighting the decimal 
point, counters are set tD zero out 
after each second. 



c I i 
I da 
sta 
I da 
sta 
I da 
sta 
I da 
sta 
cmp 
bh i 
sta 
bra 



base+2 

base+3 

base+,1 

base+2 

base 

base+1 

r esu I t 

base 

#*D? 

r t r y 

base 

r t r y 



shift data left one 
digit 



enter digit 1 

check for valid digit 

get next number 



check if t i me 
b I ank display 



less th 
i f not 



an 12 o ' c I ock 



I da 
cmp 
b I s 
c I r 
c I r 
I da 
sta 
I da 
sta 
bra 



base+2 

#$02 

mtn 

base+3 

base+2 

#$0d 

base+1 

#S05 

base 

r try 



check hours units 

okayi check tens of m i n . 

send error message 



**** seconds display ***** 
* blank first two leds 
* 

dsec sta timtmp set t i mtmp to 

sta base+«b blank 1st two 

sta base+$a 

r t i 



$0b 
I eds 



AN991 



MOTOROLA 
17 



m 1 1 
















mi 

U O l A 








■ 


n 7T n 


display routine ***** 


m 1 

U Jl J 










M 
7T 






m 1 Zl 










M 
W 


d i sp 1 ay 5 are r 


etreshed every msec 












It 


when a timer interrupt occurs. the 


m 1 a 










M 
ft 


most significant digit is displayed 












n 


first. at the 


conclusion of each 


mi fl 










If 


minutei the time is updated 


mi ° 

UOl 7 
















m^n 
















m7 1 


n 1 pr 








t ur 1 n t 


equ M 




m*7*7 


















n 1 rn 

U 1 LO 


77 








sec 




m7A 


n 1 r° 


DC 
DC 


A 1 






1 dx t i mtmp 


choose time or temp 




n 1 pr 

U 1 Lb 


AA 

MO 


pp 
P P 






\ da «*t t 


b 1 ank d i sp 1 ays 


UJZ6 


n 1 rn 

U1LU 


R~7 


n 1 
u 1 






sta portb 


send to .leds 




U 1 LP 


06 


48 






ror segmnt 


select display 


moo 
UoZo 


U 1 U 1 


Zb 


U4 






bes mi nZ 


look for restart 


















U J JU 
















1 


n 1 m 

U 1 U J 


A A 
HO 


P7 






1 da «$t / 


restart with msd 


UjjZ 


n 1 np, 

U 1 U j 


□ 7 

D f 


A fl 






sta segmnt 




Ujjj 


U 1 U ( 


PA 
co 


A A 

**H 




m 1 n ^ 


Ida base > x 


load a with minutes 


U JOU- 


n 1 n° 

U1U7 


OH 








decx 


point to next digit 


Ujjj 


n 1 ha 

U 1 UA 


U Z. 




n*7 

U A 




br set 1 > segmnt > 


hrsl check hours units 


m~3 a 

Ujjo 


n 1 nn 

U1UU 


PA 
to 


/. A 

4 A 






Ida base»x 


load a with tens of min. 


mT7 
UoJ / 


n 1 np 
U 1 Ur 


OA 






hrsl 


decx 


point to next digit 


UjjO 


n 1 c n 
U1LU 




4o 


n*7 
Ua 




br set 2 j segmnt ; 


hrs2 check tens of hrs. 


mT° 


ni ct 
U 1 co 


PA 

CO 


A A 






1 da base . x 


load a with hours units 


m/. n 


nice 
U 1 to 


P A 
OH 






h r sZ 


decx 


point to next digit 


U04 1 


U 1 to 


U6 


4o 


n r? 
U A 




br set 3 > segmnt > 


d i sp d i sp 1 ay value 




n 1 co 

U lC7 


c z. 
to 


/. A 

4A 






Ida base ; x 


load a with tens of hrs 


m a T 


n 1 pr 

U 1 tb 


A A 
A**- 


np 

Ur 




a 1 s p 


and #$0f 


mask upper nibble 


mA a 


u 1 tu 










tax 


set x equal to a 


mAP. 


n 1 pp 
U 1 1 1 


PP 
CC 


a u 






1 dx segtab > x 


d i sp 1 ay value tab 1 e 


mA a 


n 1 pn 
u x r u 


QC 

or 


n 1 
u 1 






stx por tb 


enable display drivers 


mA"7 

U 04- r 


n 1 p*7 


RA 

DO 


/• p. 






Ida segmnt 




m a ft 


n 1 pa 
u l r **■ 


R~7 


U A 






sta portc 


enab 1 e d i sp 1 ay 


















mpn 












count display 


refreshes. 4D2 refreshes 


Uoo 1 










* 


equals one second. after 402 refreshes) 


UjjZ 










n 


update clock 




Ujjj 










A 






m^A 
















mpp 

Ujjj 


n 1 pa 


A A 

HO 


1 n 
1 u 






Ida #*i0 


set timer to interrupt 


U j j to 


n 1 pn 
u i r o 


□ 7 
D r 


u 






sta tdr 


after 2048 cycles 


U OO f 


n 1 p a 


A A 
HO 


n p 
Ur 






Ida #$Df 




UOOo 


n 1 p c 


D. "7 


n 

U T 






sta tcr 


reset timer interrupt flag 


mco 


n *i pp 
u i r t 


OH 


**- A 






dec ct 


decrement inner loop 


m a n 

UOo u 


n9nn 


Ao 


uo 






bne ret 




mA 1 


uzuz 


A A 
Ho 


"3R 

Od 






Ida #$3b 


reset i nner 1 nop 


m A7 

U JOZ 


n?n/i 

UZU4 


P. "7 


t*- A 






sta ct 




m l. ~7. 
Ujoo 


n?nz 
UzUo 


"7 A 
OA 


4o 






dec ctl 


decrement outer loop 


m a/ 


n?nn 

UZUd 


A / 


n 1 
u X 






beq tmchg 


if one sec.) to time change 


m a c 
U jo D 


nortA 
UzUft 


ou 






ret 


r t i 




m a a 

Ujoo 
















mA7 

U OO f 










V ¥■ M It V 


time change routine ***** 


m ar 

UjoO 










w 


when 60 second 


5 are countedi 


m a o 

U OO V 












increase minutes by one> if 


Uo /U 












necessary; blank minutes and increase 


□ 371 












hour s . change 


am/pm if needed . 


□ 372 










* 
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UJ ( o 


















UZUb 






tncng 


equ 






UO 


n 7 n d. 
UZUb 


OL 






i n c 


sec 


increase seconds 


m "7 z. 


nr? n n 

u Z U U 


T t* 

oL 


t>Z 




i n c 


L. _ _ _ _1_ □ 

□ a s eto 


inc. sees, units 


Uo r 7 


UzUr 


B6 


bZ 




1 d a 


□as eto 






UZ11 


A 1 

Al 


n a 
U A 




c mp 


*t*u a 


look for ten 


UO f 7 


n*7 1 t 


77 
Z r 


JO 




k m n 
D e q 


tens 


if yes> inc. tens 


UJUU 


U4l J 


Ai 
HO 




in i nc k 


1 rla 
1 □ a 


*t*Tr- 


i u □ k Tor a minute 


UJOl 


n*? 1 7 


P. 1 

D 1 


/T 
•4- f 




c ni p 


sec 




UjDZ 


UZ17 


Zo 






b n 6 


re ii 


wait Tor next second 


Ujuj 


n*r 1 d 

UZiD 


or 


/■ "7 






sec 




UOC34 


n9i n 
UZ1U 


Or 


OJ 




C 1 P 


b a s e t t 


zero display 


mac 

UOoo 


n9i c 
UZlr 


Q Z. 
DO 


U-Pi 




I da 


base 


check min. units 


mini. 

UOOO 


UZZi 


A 1 
A 1 


no 
Ut 




c mp 


ff *U 7 


less than Tf 


mn7 
Uoo ( 


P79T 

UZZJ 


Zo 


*9 n 




U n n 

b n e 


i n m 1 


i nc r ease 


UOdO 


uzzo 


Or 






c 1 r 


base 


min. units — U 


U007 


UZZ r 


DO 






l d a 


□aseti 


check tens of min. 


UOTU 


r.770 

UZZ7 


A 1 
A 1 


U D 




c mp 


»5>UO 


less than d; 


UOt 1 


H99D 

UZZd 


*5 x. 
Zo 


1 p 




U n n 

b n e 


I nmZ 


i nc r e a s e 




uzzu 


Or 






c 1 r 


b a s e t l 


tens Df min =0 


m°T 

UJ 7 O 


uzzr 


DO 


/. n 




1 da 


k = C Q 4- "7 

oasetj 


cnecK tens ot nrs. 


m°A 


UZJ1 


A 1 


nn 

UD 




c mp 




iook TDr DianK 


UOT O 


U 4JJ 


77 


1 p 

1 c. 




b S q 


nrcK 


I c55 tnan 1U-UU 


U OTo 


UZ jj 


DZ 
DO 






1 d a 


b a s e tz 


check hrs. units 


UOt r 


n7T7 

uzo r 


A 1 
A 1 


UZ 




c mp 


14 a n *7 


1 _ _ _ x 1 70 

less than Z r 


n ion 
UOTO 


UZOT 


9/ 

Zo 


*7 A 
in 




b n e 


i nhrla 


1 ncr ease 


moo 

UOTT 


ri9iD 
UZjd 


A Z_ 

Ao 


nn 

Ud 




1 da 


W{tnu 
»»Ub 




U4UU 




P. "7 
D r 


a n 




r- + -i 

sta 


ba setj 


set time to i • uu 




U 4 Jl 


AZ 
HO 


n 1 

u 1 




i □ a 








n7A 1 


P. "7 
D r 


a r 




sta 


b a s e tz 




n/. m 

U4UO 


n7/. t 

UZ4j 


7n 
zu 






bra 


r e 1 1 


do ne 


n a n a 


UZ4D 


OL. 


A A 


! n m 1 


i nc 


k a e a 

base 


increase min. units 


n a nc; 


n*7A "7 
UZ4 r 


9D 
Z U 


Zo 




bra 


r e 1 1 


done 


n a n u 


n*7A Q 
UZ47 


OL. 


a n 


I nuZ 


i n c 


k a e a 4- 1 

b a s e t i 


increase tens ot min. 


n a n7 

U4U r 


n7AR 
U Z4D 


*7n 
z u 


ZZ 




bra 


r e 1 1 




nAnn 
uuuo 
















n a n<9 

U4U7 


n*7 a n 

UZ4U 


TP 

Or 


3Z 


tens 


c 1 r 


k -5 r- o 4- fl 

b a s e to 


zero sec. units 


nA 1 n 


UZ4r 


TP 
OL. 






i nc 


baser t 


inc sec. tens 


nA 1 i 


n*7<=.i 

UZ31 


z u 


p? 

L.Z 




bra 


m i nek 




n /. 1 *7 
U4- 1 Z 
















n /. i t 
U4 1 O 










increase hours 




n /. 1 /. 
U414 
















U4>1 o 


UZOj 


DO 


A P 


u ■* «- L 
nrcK 


1 da 


base+2 


check hours units 


U**- 1 o 


UZOJ 


A 1 
Hi 


no 

U7 




c mp 


«*07 


less than 7f 


nA 1 1 




Zo 


uo 




bne 


i nhr 1 


i n c r e a se 


nA 1 n 


UZD7 


TP 

Or 


a r 




c 1 r 


base+2 


hours units — U 


n/. 1 g 

U41 T 


n7^n 


TP 

Or 


a n 




c 1 r 


base+3 




U4ZU 


UZ jU 


TP 
OL 


a n 




i nc 


base+3 


tens ot hours =1 


n/,«7i 


UZDr 


7fl 

ZU 


nc 
Ut 




bra 


r etl 


done 


n/. 77 

U4Z^ 


n7/ 1 
UZ6 1 


T P 

oL 


a r* 


I nhr 1 


i nc 


base+2 


increase hours units 


U4ZO 


UZ6o 


9n 
ZU 


n a 
U A 




bra 


r etl 


done 


n /• 7 /■ 

U4/4 


n 7Z_cl 

UZ6D 


TP 


A P 


i 

i nnrla 


i nc 


base+2 


increase hours units 


U4Z D 


n7z.7 
UZ6 / 


D/ 
DO 


A P 




1 da 


base+2 


check va 1 ue 
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